1. Introduction {#sec1}
===============

In 2009, the Canadian Ophthalmological Society (COS) published the first Canadian evidence-based clinical practice guidelines for the management of adult glaucoma \[[@B1]\]. These guidelines covered various aspects of the disease, including diagnosis, classification, diagnostic tests, management, and follow-up recommendations.

A host of developments in the pharmacological management of glaucoma over the past five years prompted a group of Canadian experts in this therapeutic field to form a scientific panel and review recent evidence. An English-language literature search using PubMed and the Cochrane Library was performed between January 2009 and September 2015 on the topics of open-angle glaucoma and angle closure glaucoma. Meta-analyses, systematic reviews, and Canadian studies were preferred sources. Selected references were reviewed by the scientific panel to ensure their relevance and acceptable methodological quality. During a meeting in Montreal on October 3, 2015, the panel members discussed evidence in the context of Canadian daily practice and relevant changes since the publication of the 2009 COS practice guidelines for the management of glaucoma.

The objective of this article is to provide ophthalmologists with an update regarding advances in the field of glaucoma. It focuses on the aspects that have the potential to influence the use of novel imaging techniques as well as current trends in pharmacological approaches. Surgical management is beyond the scope of this paper and only a brief overview is provided to indicate its potential place in the treatment algorithm.

2. Classification and Subtypes {#sec2}
==============================

Glaucoma encompasses a variety of conditions with the common feature of an acquired, degenerative optic neuropathy \[[@B1], [@B2]\]. Glaucoma-related optic neuropathy is characterized by a specific pattern of abnormalities of the optic nerve complex (optic nerve head \[ONH\], retinal nerve fibre layer \[RNFL\], and peripapillary region) and corresponding damage to the visual field (VF). Recent evidence indicates that neurodegenerative changes also occur further along the visual pathway \[[@B3]\].

Although glaucoma is frequently associated with elevated intraocular pressure (IOP), an increase in IOP is unnecessary to diagnose this condition \[[@B1], [@B2]\]. In addition, advances in optic nerve imaging techniques have enabled clinicians to detect structural changes (i.e., loss of RNFL and macular ganglion cells) in patients with borderline elevated IOPs and/or inconclusive observations of disc anatomy \[[@B4], [@B5]\]. The term preperimetric glaucoma refers to the presence of neural damage in the absence of functional loss sufficient for detection by standard VF techniques. Recently, there has been a great deal of interest and debate regarding the management of patients with preperimetric glaucoma. Further to the general agreement that changes in the optic nerve are permanent, progressive, and associated with reduced quality of life \[[@B6]\], we suggest that frequency of surveillance and diagnostic monitoring of these patients should be increased. One of the limitations in guiding therapeutic decisions for preperimetric glaucoma is that there are no randomized controlled trials in this patient population. Thus, careful surveillance of patients for progression is important. Structural and functional observations from at least five exams are needed to calculate the rate of progression. Frequent reexamination is important to assess the development of new risk factors, such as increased IOP or optic disc hemorrhage that might alter the threshold for initiating therapy.

Glaucoma is classified according to its underlying anatomy and pathophysiology, with open-angle and angle closure representing the two major subtypes, [Figure 1](#fig1){ref-type="fig"} \[[@B1], [@B2]\]. Both open-angle and closed-angle glaucoma can occur with no identifiable cause, resulting in idiopathic or primary glaucoma. Secondary glaucoma refers to any form of glaucoma in which there is an identifiable cause of increased IOP, resulting in optic nerve damage, [Figure 2](#fig2){ref-type="fig"}. Pseudoexfoliative glaucoma is the most common type of secondary glaucoma. Two single nucleotide polymorphisms in the lysyl oxidase-like 1 (LOXL1) gene (rs1048661 and rs3825942) have recently been identified as strong genetic risk factors for pseudoexfoliative glaucoma \[[@B7]\].

Primary open-angle glaucoma (POAG) can be classified based on the age of onset as primary congenital glaucoma (onset up to three years of age), juvenile open-angle glaucoma (JOAG/onset at 3--35 years), and adult-onset POAG (onset after the age of 35 years) \[[@B8], [@B9]\]. Adult-onset POAG is the most common form and it is a chronic, insidious disease with serious reductions in vision occurring only in the advanced stages. POAG is often but not always associated with elevated IOP due to aqueous humour outflow dysfunction. It has been demonstrated that lowering IOP reduces the rate of glaucomatous damage and consequently loss of VF \[[@B1], [@B2]\]. In some cases, however, above-average IOP may never lead to neurodegenerative damage, while in others an inherently high predisposition of the optic nerve to damage can lead to optic neuropathy without elevations in IOP (e.g., normal-tension glaucoma \[NTG\]) \[[@B10]\]. Thus, although all current therapeutic approaches are targeted at lowering IOP as a modifiable risk factor, IOP is not included in the definition of glaucoma; rather it is important for the classification and understanding of the disease.

Normal-tension glaucoma is a form of POAG characterized by glaucomatous optic neuropathy in patients with IOP measurements consistently lower than 21 mm Hg \[[@B11]--[@B13]\]. As this subgroup of patients can be challenging to diagnose and treat, some experts consider NTG as a separate entity \[[@B13]\]. Others consider POAG and NTG to exist as a continuum. In general, NTG patients have a higher propensity for optic nerve damage at relatively low IOPs compared to patients with POAG. The amount of VF loss in NTG tends to be greater than one would expect on the basis of optic nerve appearance alone. On ophthalmoscopy, patients with NTG tend to have more localized defects of the retinal nerve fibre layer and an increased tendency for optic disc hemorrhages.

The pathogenesis of NTG remains unclear and it is believed that the interaction of a variety of systemic factors may be involved in the onset and progression of this disease \[[@B14]\]. Recent findings suggest that upregulation of endothelin-1 (ET-1) may be involved in the pathogenesis of NTG and that vascular dysregulation and other IOP-independent mechanisms seem to contribute \[[@B15], [@B16]\]. Some studies have also postulated a relationship between autoimmune dysfunction and NTG \[[@B17], [@B18]\], as well as the possible role of intracranial and cerebrospinal fluid pressure \[[@B19]\]. Other observations suggestive of vascular and perfusion abnormalities include the increased prevalence of systemic conditions such as obstructive sleep apnea, migraines, nocturnal hypotension, and Raynaud phenomenon \[[@B20], [@B21]\].

Primary angle closure glaucoma (PACG) occurs when access to the trabecular meshwork (TM) is physically obstructed, typically by the iris, and the drainage angle is closed \[[@B22]\]. Although a less common form of glaucoma, PACG is a major cause of blindness worldwide due to the severity of the disease, contributing to 50% of the world\'s blindness from glaucoma \[[@B23]\]. Three main mechanisms hypothesized to be responsible for PACG are pupillary block, anterior iris rotation, and plateau iris \[[@B23], [@B24]\]. In the former, contact between the iris and the lens increases resistance to the flow of aqueous into the anterior chamber. When the pressure in the posterior chamber exceeds that in the anterior chamber, the iris moves forward and contacts the TM creating aqueous blockage at two levels: the pupillary margin and the TM. Pupillary block is involved in the vast majority of cases of angle closure. In plateau iris configuration, the ciliary body is anteriorly positioned resulting in the anterior displacement of the peripheral iris into the angle \[[@B25]\]. Plateau iris syndrome is characterized by either persistent angle closure or angle closure and elevated IOP in the presence of a patent iridotomy, thus excluding a primary pupil block mechanism. However, the definition of plateau iris and the therapeutic approaches for these patients requires revision in light of our understanding of the significance the lens plays in angle closure \[[@B26]\]. While ultrasound biomicroscopy is the best technique for examining the anatomy of the ciliary body and posterior iris \[[@B27]\], plateau is diagnosed using gonioscopy.

Staging of chronic glaucoma according to its severity is provided in [Table 1](#tab1){ref-type="table"}. This is of particular importance as classifying glaucoma patients according to disease severity and/or rate of progression can help in guiding therapeutic approaches. For example, patients with evidence of rapidly progressing and/or moderate to severe disease should be treated more aggressively from the onset of treatment with IOP targets in the lower end of proposed target ranges, Figures [3](#fig3){ref-type="fig"} and [5](#fig5){ref-type="fig"}.

As with all glaucoma, open-angle glaucoma can be classified as glaucoma suspect, early, moderate, and advanced depending on the stage of the disease. Recent evidence indicates that retinal ganglion cell (RGC) loss should also be taken into consideration when classifying and staging glaucoma as eyes with the earliest detectable VF loss may already show substantial loss of RGCs \[[@B28]\].

Closed angle can be classified as primary angle closure (PAC), PAC suspect (PACS), and PACG ([Table 1(b)](#tab1){ref-type="table"}). As shown in [Figure 1](#fig1){ref-type="fig"}, angle closure can be either acute or chronic. In case of acute PAC, sudden obstruction can lead to rapid rises in IOP and profound acute visual loss and discomfort, requiring urgent evaluation and treatment.

Mixed-mechanism glaucoma has a multifactorial pathophysiology with a number of possible influences. Combined mechanism glaucoma includes characteristics of open and closed-angle glaucoma where, for example, angles that were initially closed open as a result of treatment; however, underlying TM dysfunction results in ongoing elevated IOP. The COS guidelines recommend gonioscopy to determine if the angle is closed, open, or abnormal \[[@B1]\]. Classification of glaucoma on the basis of the appearance of the angle on gonioscopy can help select the appropriate management strategy. Novel anterior-segment imaging techniques can be useful in identifying mechanisms of angle closure and to detect glaucoma damage. Thus, these new techniques are increasingly used to support gonioscopy.

*Takeaway Point.*In addition to traditionally well-defined POAG and PACG, some experts now recognize preperimetric and NTG as two distinct entities. We suggest that newly diagnosed patients undergo frequent initial testing to establish the rate of glaucomatous progression. Patients with unstable pressure, rapid progression, and pseudoexfoliative glaucoma may require closer follow-up and monitoring to ensure earlier intervention in order to prevent permanent optic nerve damage.

Determining the stage of the disease and/or the rate of progression is important from a management standpoint as it helps guide therapeutic decisions and determine which patients require more aggressive treatment.

NTG patients may also require more frequent testing not necessarily because of the burden of their disease but to establish appropriate IOP goals and treatment strategies.

3. Interpretation of Recent Epidemiology Trends {#sec3}
===============================================

It is estimated that 64.3 million people worldwide have glaucoma, of which three-quarters are open-angle \[[@B29]\]. Glaucoma (both open-angle and angle-closure) is the second leading cause of irreversible blindness worldwide, with approximately 8.4 million people becoming blind from the disease \[[@B29]\]. Although any subtype of glaucoma can be found in any ethnic group, angle closure glaucoma is more prevalent among Inuit populations and people of both Asian and south Asian origin (25% in these populations versus \<4% among Caucasians or those of African descent) \[[@B23]\]. Individuals of African descent tend to have the highest prevalence of open-angle glaucoma \[[@B30]\]. It is estimated that the number of people with glaucoma globally will increase to 76.0 million in 2020 and to 111.8 million in 2040 \[[@B29]\]. Although there are no Canadian specific estimates, one can assume that similar trends will occur. At the same time, it is important to review and track data specific to the Canadian population toward guiding decisions regarding glaucoma screening, treatment, and public health related strategies, taking into account demographic shifts due to immigration from Asia, the Middle East, and Africa.

A few epidemiological studies on glaucoma and its subtypes in Canada suggest that more than 400,000 people may be affected. More importantly, 50% of glaucoma cases are undiagnosed and not receiving appropriate treatment \[[@B31]--[@B35]\]. A recently published cross sectional epidemiological survey in Toronto reported a 4% prevalence rate of undetected glaucoma \[[@B32]\], which is comparable with a previously reported prevalence rate of self-reported glaucoma in Canadians over 50 years of age \[[@B33]\]. Furthermore, according to the study conducted in Toronto, the prevalence rates of POAG and PAC were 3% and 1%, respectively. Narrow angles were found in 15% of participants and 21% had family histories of glaucoma \[[@B34]\]. Although this small-scale study suggested that glaucoma might be more prevalent than previously assumed, it is important to note that it was conducted in a specific population and should be regarded as a proof of concept that warrants larger-scale investigations. Furthermore, the impact of immigration from other parts of the world on glaucoma prevalence needs to be taken into consideration.

In Canada, optometrists are responsible for the majority of referrals for glaucoma \[[@B34]\]. However, the proportion of patients with milder disease referred by optometrists is higher than references for advanced disease (83%, 86%, 80%, and 71% of the optometrist referrals for ocular hypertension \[OH\] and mild, moderate, and advanced POAG, resp.) \[[@B34]\]. Advanced age \[[@B34]\] and lower socioeconomic status \[[@B35]\] are associated with late presentation. However, further studies to understand other risk factors for late presentation of glaucoma are required as late diagnosis is a risk factor for blindness and thus a significant concern for both the individual and society \[[@B36]\]. In addition, the cost of treating glaucoma rises with increasing disease severity \[[@B37]\]. Thus, although evidence does not support routine screening for glaucoma, except for high-risk populations \[[@B38]--[@B40]\], a public awareness campaign that describes risk factors and emphasizes the importance of routine eye examinations should be encouraged. High-risk populations, especially those in remote locations, can be screened and managed via telemedicine (teleglaucoma) \[[@B40]\].

According to a meta-analysis that included 34 studies with over 86,000 participants (range 175 to 6,142) increased cup-to-disc ratio (seven studies; positive likelihood ratio of 14, 95% confidence interval \[CI\] 5.3 to 39), ratio asymmetry (4 studies; positive likelihood ratio of 7.3, 95% CI 3.3 to 16), disc hemorrhages (5 studies; positive likelihood ratio of 12, 95% CI 2.9 to 48), and IOP (29 studies; positive likelihood ratio of 12, 95% CI 2.9 to 48) were associated with an increased risk of POAG, but their absence did not rule it out \[[@B41]\]. Other risk factors include family history, older age (\>60 years), thyroid problems \[[@B42]\], and thinner central corneas. Risk factors for angle closure glaucoma include hyperopia, older age, female gender, Asian, Latino, or Inuit ancestry, and shallow peripheral anterior chamber, which are detailed as follows.

\(i\) Risk factors for POAG \[[@B1], [@B30], [@B42]\]Race:African people have a prevalence up to 5 times higher than other ethnic groupsHispanic people have a more pronounced increase with ageAge:There is an exponential increase with increased ageRefractive error:There is an increased risk with high refractive error, both myopia and hypermetropiaCentral corneal thickness:There is an increased risk with thin central corneal thicknessOptic disc diameter:There is an increased risk with a large optic disc diameterIntraocular pressure:There is an increased risk for onset and progression with elevated IOP and a decreased risk for progression with lowering of IOPBlood pressure:There is less risk in young persons with hypertension and increased risk in older persons with hypertensionCardiovascular disease:Cardiovascular disease and glaucoma are probably closely relatedHypothyroidism:Thyroid disorders may increase the risk of glaucomaPhysical activity:There is an increased risk for low ocular perfusion pressure with low physical activityFamily history

\(ii\) Risk factors for development of PAC \[[@B1]\]Axial hyperopiaFamily history of angle closureAdvancing ageFemale genderEast Asian ethnicityInuit ethnicityLatino ethnicityShallow peripheral anterior chamberShort axial length eyesThe COS recommends that patients exhibiting these factors undergo careful gonioscopy to assess the degree of risk. Follow-up examination of these patients is also important as the risk of developing POAG or chronic angle closure glaucoma (CACG) may increase over time.

Glaucoma also has a significant impact on patients\' quality of life from their ability to walk and drive to their ability to read \[[@B43], [@B44]\]. The psychological burden increases with decreasing vision, along with a growing fear of blindness, social withdrawal, and depression \[[@B45]\]. Measurable loss in quality of life and functionality is observed even in the early stages of the disease and the impact increases as VF loss progresses \[[@B46]\].

Glaucoma also contributes to significant direct and indirect healthcare costs \[[@B47]--[@B49]\]. Direct medical costs include ocular hypotensive drugs, physician, and hospital visits, as well as glaucoma-related procedures. Indirect costs reflect lost productivity, such as days missed from work, and include loss of productivity of caregivers. Individuals with late-stage disease incur significant additional indirect costs and constitute a substantial burden on healthcare resources.

*Takeaway Point.* Glaucoma is a common disease affecting approximately 400,000 Canadians and is the leading cause of irreversible blindness, likely responsible for blindness in 54,000 Canadians.

Recent data indicate that a significant number of individuals with glaucoma in Canada remain undiagnosed and present with advanced disease. This highlights the need for public awareness campaigns to provide education on risk factors as well as additional studies to identify causes of late presentation.

4. Traditional and Novel Glaucoma Assessment Approaches {#sec4}
=======================================================

Traditionally, the diagnosis of glaucoma has been established by clinical evaluation, including history, slit-lamp biomicroscopy, measurement of IOP, assessment of the anterior chamber angle and optic nerve, and functional VF testing \[[@B1], [@B2]\].

During the initial evaluation, a complete ocular, family, and systemic history should be obtained. Systemic history should focus on risk factors, particularly in individuals suspected of having NTG, including migraines, history of blood loss, systemic hypertension, sleep apnea, steroid use, and ocular trauma. Elements that might have an impact on future therapy, including systemic hypertension, respiratory, and cardiac disorders, should be noted, particularly the use of systemic *β*-blockers.

The ophthalmic evaluation should include measurement of best-corrected visual acuity (BCVA) and documentation of any refractive error. The pupils should be examined for reactivity and an afferent pupillary defect. A slit-lamp examination of the anterior segment can provide evidence of narrow angles and secondary causes of glaucoma, such as pigment dispersion or pseudoexfoliation syndrome, plus previous angle recession. Findings may include evidence of previous surgery that the patient has forgotten, thus adding a possible game-changing factor to a treatment plan.

Measurement of IOP before dilation is an essential part of the initial examination and must be performed with assurance that breath-holding is prevented. IOP is determined by the balance of aqueous humour production and drainage. Circadian variations in aqueous flow can result in IOP fluctuations of 2--5 mm Hg under normal circumstances \[[@B50]\] and much wider fluctuations for patients with glaucoma \[[@B51], [@B52]\]. IOP readings should be repeated to provide an accurate picture of the diurnal range \[[@B1]\]. An important role still exists for diurnal IOP curves, in particular with normal pressure glaucoma suspects \[[@B53], [@B54]\]. Fluctuation in IOP can be detected by taking several pressure readings at different times throughout the course of one day or on different days \[[@B55], [@B56]\]. A recent study that used modified diurnal tension curves (mDTC; IOP measurements obtained at 8 am, 11 am, 2 pm, and 4 pm on two consecutive days) demonstrated good reproducibility for mean and peak IOP but only fair reproducibility of IOP fluctuation \[[@B57]\]. Thus, serial measurement of IOP in a 24-hour period is still needed to best assess fluctuations in IOP toward optimal glaucoma management \[[@B58]\].

Several devices to measure IOP are available, [Table 2](#tab2){ref-type="table"} \[[@B2]\], and may be useful in select circumstances. The COS, however, recommends Goldmann applanation tonometry whenever possible, as it is the most reproducible \[[@B1]\]. It is important that clinicians document maximum IOP (*T* ~max~) and baseline values as these can serve as a benchmark and reference for future therapeutic goals.

Distinguishing between open-angle and angle closure glaucoma hinges on careful assessment of the anterior chamber angle via gonioscopy. Indentation gonioscopy represents the gold standard of angle evaluation to distinguish appositional from synechial angle closure. A recent Canadian study indicated that a significant number of patients who are referred for cataract surgery present with undetected narrow angles or angle closure, implying that gonioscopy may not be adequately performed in this group of patients and potentially in the general population as well \[[@B59]\]. To that end, imaging modalities such as anterior-segment optical coherence tomography (OCT) and ultrasound biomicroscopy (UBM) can be used to support findings and/or help to distinguish between mechanisms of angle closure. In addition, OCT may more reliably predict PACS patients with progressing disease \[[@B60]\].

Clinically evident characteristics of optic nerve damage and associated VF deficits clearly establish the diagnosis of glaucoma; however, in the early to moderate stages, optic nerve damage can occur without VF loss. Therefore, it is important to document the appearance of the optic nerve. Ophthalmoscopy remains an important aspect of the examination, particularly to identify subtle changes like disc hemorrhages, but stereoscopic disc photographs and computerized images of the nerve are different methods for more objective documentation and analysis of optic nerve morphology \[[@B61]\].

Two commonly used computer-based imaging devices for glaucoma include confocal scanning laser ophthalmoscopy (CSLO) and OCT. These devices provide useful, quantitative information for the clinician when correlated with other relevant clinical parameters and can also be used to monitor progressive changes over time.

The CSLO produces high-contrast retinal images by raster scanning a laser spot and detecting backscattered light through a confocal pinhole \[[@B62]\]. Heidelberg Retina Tomograph (HRT) is commonly used in clinical practice \[[@B63]\]. It is designed to scan the retinal surface with a diode laser, which has a wavelength of 670 nm and can detect changes in the anatomy of the optic disc before VF defects appear. These computerized monitoring and analysis instruments assist clinicians in the detection of changes of the optic disc which are clinically relevant.

Spectral-domain (SD) OCT diagnostic studies have demonstrated that evidence of thinning of the RNFL and ONH structural changes allow for discrimination between glaucomatous and healthy eyes \[[@B64]\]. Evidence to date also suggests high correlations between loss of the ganglion cell complex (GCC) and RNFL and defects on standard automated perimetry (SAP) \[[@B65]\]. A longitudinal SD-OCT study that followed patients with glaucomatous and healthy eyes for three years reported a significantly greater rate of RNFL loss in patients with glaucomatous optic disc progression compared with nonprogressors \[[@B66]\]. As RNFL loss may reach a plateau in advanced disease \[[@B67]\], macular parameters may be more useful for detecting progression in this challenging subset of patients \[[@B68]\].

One disadvantage of these new techniques is that they are based on comparisons to normative databases and therefore may not represent all patients. Age-related loss of neuroretinal parameters also needs to be taken into account \[[@B69]\]. In addition, it can be difficult to distinguish normal findings attributed to myopia and partial colobomas from those of the glaucoma. The diagnostic performance of these instruments and their ability to detect progression are expected to continue to improve as the technology evolves.

Automated static threshold perimetry is the technique of choice for evaluating VFs \[[@B70]\]. VF testing based on the frequency doubling technology (FDT) \[[@B71]\] may detect defects or progression of defects earlier than conventional white-on-white perimetry in some patients \[[@B72]\] and thus can be useful in screening for glaucoma. SAP techniques focus on the central 24° or 30° of vision but do not take into account the peripheral fields, which may have functional relevance. Central 10-2 fields, important in advanced disease, could also be considered in earlier stages of the disease, as evidence has shown that central defects can be missed with the 24-2 test \[[@B73]\]. More frequent VF testing earlier in the follow-up period can determine rates of progression and identify rapid progressors \[[@B74]\]. It is essential to retest patients to confirm defects and to assess the rate of progression by comparing changes in VF over time. Both event-based (detects progression when a follow-up measurement exceeds a preestablished threshold for change from baseline) and trend-based (detects progression by evaluating the slope of measured parameter over time) approaches have advantages and disadvantages \[[@B1]\]. However, clinical judgement and integration of all findings should always supersede computer-based progression.

Kinetic Goldman perimetry may also be of use in patients in whom an automated VF cannot be reliably completed or if more peripheral VF damage is suspected (e.g., temporal wedge).

Finally, the use of neuroimaging, including computed tomography (CT) scan and magnetic resonance imaging (MRI) is indicated in specific cases to establish a diagnosis and to rule out compressive lesions that can mimic glaucoma. Recent evidence has also suggested roles for ancillary testing, including 24-hour blood pressure monitoring, diastolic ocular perfusion pressure \[[@B75]\], and translaminar pressure difference \[[@B76]\].

*Takeaway Points* Evaluation of patients with glaucoma and those in whom glaucoma is suspected should include relevant ocular and systemic medical history.IOP readings should be done by Goldmann applanation tonometry whenever possible and should be repeated to obtain an accurate estimate of the diurnal range.RNFL analyses are now a part of diagnosis and follow-up. New instruments of computerized monitoring and analysis can assist clinicians in the detection of changes of the optic disc that are clinically relevant.CSLO and SD-OCT produce high-contrast retinal images and can detect changes in the anatomy of the optic disc before VF defects appear.Newer imaging modalities such as anterior-segment OCT and UBM can be used to distinguish between mechanisms of angle closure and predict progressive angle closure.SD-OCT technologies continue to advance and are helpful in establishing diagnosis and monitoring for progression.Standard automated perimetry using 24-2 or 30-2 techniques remains the test of choice for evaluating functional field loss in glaucoma. Central 10-2 fields, important in advanced disease, could also be considered in earlier stages of the disease to ensure that central defects are not missed.

5. Treatment Goals {#sec5}
==================

Glaucoma management is aimed at reducing IOP, the only known modifiable risk factor at this time. In some individuals, however, systemic factors such as uncontrolled systemic hypertension, vasospasm, sleep apnea, and arrhythmias may play a minor or major part in the development of glaucoma. The ultimate goal is to slow or stop structural and functional progression while maintaining or enhancing overall quality of life. Some recent evidence also suggests that VF improvement may be achieved with IOP lowering \[[@B77]\]. The treating ophthalmologists should strive to maintain the IOP in a stable range to prevent further damage of the optic nerve \[[@B78]\]. Achievement of targeted IOP might require aggressive treatment and frequent change of therapy; however, the target IOP range is a dynamic concept and it should be individualized and constantly reevaluated, taking into consideration stage of disease, patient risk factors, life expectancy, and social circumstances. Furthermore, the means by which IOP targets are achieved can also be customized, and consideration of medications, laser, and surgical options may be required based on the patient\'s individual characteristics and circumstances.

For the selection of the initial target IOP range, the COS suggests that each eye is staged into one of four severity groups: suspect, early, moderate, or advanced glaucoma \[[@B1]\]. The severity groups are based on assessment of the optic nerve and/or VF. However, recent evidence suggests that baseline and longitudinal estimates of RGC counts may be helpful in predicting progression and performed significantly better than conventional approaches for risk stratification of glaucoma patients \[[@B79], [@B80]\]. The suggested initial target IOP range for each eye is provided in [Figure 3](#fig3){ref-type="fig"}, which is based on the COS recommendations \[[@B1]\] and the authors\' experience.

Lowering the pretreatment IOP by ≥25% slows down progression of glaucoma in many, but not all, patients \[[@B81]--[@B83]\]. In general, treating clinicians should select an initial target pressure at least 25% lower than pretreatment pressure for patients in the early stages of the disease and at least 30% for patients with moderate and advanced disease. An absolute IOP target, based on the stage of the disease, can also be used as a guide, [Figure 3](#fig3){ref-type="fig"}. However, over the past few years an emerging trend toward lower IOP goals than those suggested by COS guidelines has emerged. The goal is to treat aggressively from the beginning to prevent further damage and preserve vision. In addition to targeted pressure, it is also recommended to take diurnal pressure fluctuations into consideration when selecting therapeutic approaches. In patients with severe optic nerve damage, those with rapidly progressing disease or with other risk factors (i.e., family history, advanced age, pseudoexfoliation, pigment dispersion syndrome (PDS), uveitis, steroid use, or disc hemorrhage), selecting target IOP lower than 25% of the pretreatment IOP is justified \[[@B1], [@B2], [@B78]\]. Other factors such as the rapidity of progression and the severity of disease in the other eye should be taken into consideration. Conversely, choosing a less aggressive IOP range may be reasonable if the risks of aggressive treatment outweigh the benefits (i.e., comorbidities and older age).

As glaucoma patients might continue to progress despite treatment even if their IOP levels are within targeted range, relying on tonometry alone for glaucoma follow-up is insufficient \[[@B2]\]. Determining the rate of VF progression is a new standard in glaucoma care and the general recommendation is to perform six VF examinations in the first two years \[[@B74], [@B85]\]. However, taking into consideration the lack of resources and the burden on patients (time of work, travelling, etc.) patients could be stratified according to initial field defects and/or risk factors for progression \[[@B86]\]. Those with evidence of more damage and higher risk of disease progression should be monitored more frequently.

*Takeaway Points* Taking into consideration ocular characteristics (pseudoexfoliation, PDS, and uveitis) as well as patient-related factors such as risk factors, comorbidities and life expectancy are necessary in determining a patient\'s target IOP range.Every patient is unique, and physicians must customize the means by which they achieve IOP ranges accordingly, taking into consideration the use of any combination of drops, laser, and surgery in order to best achieve the therapeutic IOP goal while minimizing the impact on patient quality of life.Target IOPs should be revisited and adjusted frequently. For example, it is appropriate and often necessary to set lower IOP targets in patients with progressive disease. In patients with stable disease or major changes in their overall medical situation it may be appropriate to allow a higher IOP target.There is recent evidence that IOP lowering may improve VF defects \[[@B77]\].

6. Contemporary Pharmacological Management of Glaucoma {#sec6}
======================================================

Unless contraindicated, medical therapy remains the most common initial method of lowering IOP and usually involves topical agents delivered as eye drops \[[@B1], [@B2]\]. There are several effective classes of topical therapies for glaucoma, including prostaglandin analogues (PGAs), *β*-blockers, *α*-adrenergic agonists and carbonic anhydrase inhibitors (CAIs), and pilocarpine, [Figure 4](#fig4){ref-type="fig"}. These topical therapies reduce the production of aqueous humour, enhance its outflow, or have an effect on both. For many years, topical *β*-blockers were the most commonly used first-line medical therapy; however, the introduction of newer agents over the past 20 years has given patients and physicians a wider variety of choices for both initial and adjunctive treatment. However, some of the "older drugs," such as the parasympathomimetic agent pilocarpine and oral CAIs, still play a significant role in specific types of glaucoma, including plateau iris.

6.1. Prostaglandins: First Choice for Glaucoma Treatment {#sec6.1}
--------------------------------------------------------

The combination of effectiveness and tolerability has made topical PGAs such as latanoprost, bimatoprost, and travoprost popular first choices for treating glaucoma. PGAs have demonstrated better IOP-lowering ability than *β*-blockers with fewer systemic adverse effects \[[@B87]--[@B89]\]. They act by increasing uveoscleral and TM outflow and reduction in IOP starts 2--4 hours after first administration. The therapeutic effect reaches its peak after 8--12 hours. These agents also minimize IOP fluctuations during a 24-hour period, with a maximum effect achieved 3--5 weeks after initiation of therapy.

Several studies have shown that topical administration of travoprost leads to a mean IOP reduction from 25% to 32%, which is sustained throughout the 24-hour cycle \[[@B89], [@B90]\]. In a prospective, open-label, single-arm study conducted in Italy (*N* = 36 previously untreated POAG patients), travoprost monotherapy at a dose of 0.004% administered once in the evening (8:00 pm) induced uniform 24-hour IOP reduction. This was maintained during the 5-year follow-up of the study (range of 24-hour IOP reduction: 27.8%--28.6%) \[[@B90]\]. Although mean nocturnal IOP reduction with travoprost was somewhat lower than mean daytime IOP reduction, there was no significant difference between nighttime and daytime efficacy \[[@B90]\]. A preservative-free formulation of travoprost 0.004% is available to reduce tolerability-related problems in subjects affected with ocular surface disease \[[@B89]\].

Although prostaglandins have an excellent systemic safety profile, they are associated with several cosmetic ocular adverse effects that might be of particular relevance to younger patients with unilateral disease. These include conjunctival hyperemia, elongation and darkening of eyelashes, and induced iris darkening. Periocular skin pigmentation and fat atrophy can result in a sunken looking appearance, referred to as prostaglandin-associated periorbitopathy that includes deepening of the upper eyelid sulcus, upper lid ptosis, enophthalmos, and loss of the inferior orbital fat pads \[[@B91], [@B92]\]. To that end, some clinicians offer bilateral treatment to patients despite being indicated in one eye, to provide symmetrical adverse effects.

6.2. *β*-Blockers: Conceptions and Misconceptions {#sec6.2}
-------------------------------------------------

With over 30 years of clinical use, topical *β*-blockers, indicated for once (QD) or twice daily (BID) use, have a proven efficacy and known contraindications. As *β*-blockers are systemically absorbed, they were historically contraindicated in patients with cardiac or pulmonary disease \[[@B93]\]; however, some evidence suggests that *β*-blockers may be better tolerated than originally thought in patients with these conditions \[[@B94], [@B95]\]. Thus, with careful patient monitoring and follow-up, *β*-blockers may still present a valuable option for a majority of these patients. This is of particular importance as almost all fixed-dose combinations contain a *β*-blocker, which traditionally limited the therapeutic choices for a significant number of glaucoma patients. In light of newer non-*β*-blocker combinations (see below), however, clinicians should also consider other potential light contraindications to *β*-blockers such as lack of energy and fatigue.

Studies conducted in the 1980s and 1990s suggested that, in certain patients, treatment with *β*-blockers can lead to a rapid increase in the density of *β*-adrenergic receptors on the cell surface, which subsequently can lead to tachyphylaxis (sometimes within a day of the initial dosage) \[[@B96]--[@B98]\]. Although tachyphylaxis did not emerge as a significant concern in long-term studies with the *β*-blocker timolol, in an era when alternative therapies are available, awareness of the possibility of tachyphylaxis with *β*-blockers is important for assessing appropriate dosage and response to therapy \[[@B99], [@B100]\].

Another question surrounding the use of *β*-blockers relates to their dosing and timing of administration. As it is well established that a circadian variation exists in the rate of aqueous humour production, with the rate approximately 50% lower at night compared to daytime \[[@B101], [@B102]\], it is intuitive that the morning administration of *β*-blockers may provide more benefit. Due to conflicting results of available trials \[[@B103], [@B104]\], however, it is left to treating clinicians to tailor the dose and administration according to patient characteristics and needs. To that end, it is important to note that the differences in the mean IOP reductions between QD administration of 0.25% and that of 0.5% timolol were not statistically significant. Thus, a lower concentration of timolol used QD may achieve maximum IOP reduction.

6.3. *α*-2 Agonists: Effects on IOP {#sec6.3}
-----------------------------------

*α*-2 Agonists decrease IOP by the constriction of the afferent ciliary vasculature, leading to decreased aqueous humour production and also by increasing uveoscleral outflow \[[@B105]\]. A meta-analysis indicated that the *α*-2 agonist brimonidine is effective as an IOP-reducing agent with an ability to reduce baseline IOP by approximately 17% \[[@B106]\]. Available evidence and experience from routine practice suggest that *α*-2 agonists are relatively safe long-term IOP-reducing agents, although ocular allergy may lead to discontinuation in approximately 10%--20% of patients \[[@B105]\].

6.4. CAIs: Use in Patients with Sulfa Allergy {#sec6.4}
---------------------------------------------

Recent evidence also points to potentially wider use of CAIs, especially since the misconceptions about contraindications in patients with proven or putative sulfa drug allergies have been clarified \[[@B107]--[@B109]\]. The immune components of the antibiotic sulfonamides are not present in the nonantibiotic sulphonamides, including CAIs. According to Strom et al. \[[@B107]\] an association between previous hypersensitivity following the administration of sulfonamide antibiotics and a subsequent allergic reaction after that of a sulfonamide nonantibiotic is due to a predisposition to allergic reactions rather than to cross-reactivity with sulfonamide-based groups. This indicates that patients with a documented sulfa allergy might still benefit from CAIs with proper monitoring and follow-up. Pharmacists and other healthcare professionals involved in the care of patients with glaucoma should also be made aware of this recent evidence.

6.5. Fixed Combination Therapy {#sec6.5}
------------------------------

As it is currently recommended to use the least amount of medication to achieve the desired IOP reductions, the European Glaucoma Society (EGS), National Institute for Health and Care Excellence (NICE), and COS guidelines recommend monotherapy as first-line treatment of glaucoma \[[@B1], [@B2], [@B110]\]. However, many patients require more than one agent to reach the desired target IOP. For example, in the Ocular Hypertension Treatment Study (OHTS), 40% of patients randomized to treatment required ≥2 medications to achieve their target IOP at five years \[[@B111]\].

Although a systematic review and meta-analysis that included 18 trials and assessed fixed- and variable-dose combinations of PGA and timolol demonstrated that the fixed-dose combinations might be less efficacious than variable-dose combinations (mean difference in the reduction in IOP from baseline was 0.69, 95% CI: 0.29 to 1.08), the former was associated with a lower risk of hyperemia (relative risk: 0.70, 95% CI: 0.43 to 1.14) \[[@B112]\]. Fixed-dose combinations have also been found to confer additional benefits (described below) compared to variable-dose combinations.

Clinicians should also strive to utilize the minimum number of medication bottles with the minimum dosing frequency to achieve the IOP target. This therapeutic approach may carry several benefits over the concurrent administration of two distinct medications, including the reduction in ocular exposure to preservatives.

Benefits of fixed-dose combinations \[[@B113], [@B114]\] are as follows:Avoidance of the potential for washout of the first drug by the second.Patient convenience of having only one medication bottle and a reduced number of eye drops to dispense.Potentially lower cost as a result of fewer copays.Reduction in ocular exposure to preservatives.

Ocular preservatives contained in topical formulations have been implicated in the development of ocular surface disease in patients with glaucoma \[[@B115], [@B116]\]. Increased preoperative exposure to ophthalmic solutions preserved with benzalkonium chloride (BAK) is also a risk factor for earlier surgical failure regardless of the number of medications used \[[@B117]\]. However, one should also keep in mind the potential negative effect of certain combination therapies that include *β*-blockers and/or *α* agonists on diastolic ocular perfusion pressure (DOPP), especially in NTG patients and in smaller patients or children \[[@B118], [@B119]\]. Awareness of the potential impact of the topical medications on blood pressure, especially the nocturnal diastolic blood pressure, is important. A study that included 27 previously untreated patients with POAG demonstrated that treatment with the timolol-dorzolamide fixed-dose combination (TDFC) led to lower 24-hour IOP compared to latanoprost (mean ± SD: 15.4 ± 1.9 versus 16.7 ± 1.7 mm Hg; *P* \< 0.004) \[[@B120]\]. Mean 24-hour SBP and DBP were significantly reduced with TDFC but not with latanoprost. Both treatments significantly increased 24-hour DOPP---the increase from baseline was 5.9 mm Hg (95% CI: 5.3 to 6.5) with TDFC and 6.5 mm Hg (95% CI: 5.8 to 7.1) with latanoprost---with no difference between the two medications. Thus, it appears that enhancement in 24-hour DOPP by TDFC is due to counteracting the decrease in DBP with a substantial reduction in IOP \[[@B120]\].

It had also been suggested that DTFC may provide better 24-hour efficacy than brimonidine/timolol fixed combination (BTFC) in primary open-angle glaucoma (POAG) \[[@B121]\].

The studies and examples provided above indicate that most fixed combinations include the *β*-blocker timolol with a second component, either a PGA, CAI, or *α* agonist.

The most recent fixed-dose combination entry on the Canadian market is brinzolamide/brimonidine. This first non-*β*-blocker combination provides an additional, cost-effective option that is expected to have a positive impact on patient adherence. Both brinzolamide and brimonidine have been used as part of other fixed combination therapies (with timolol), and patients on both have experienced clinically relevant IOP reductions when using these agents adjunctively with a PGA \[[@B122]--[@B124]\]. In two Phase III randomized controlled trials in individuals with glaucoma, brinzolamide/brimonidine eye drops were statistically significantly superior to either constituent drug administered alone as monotherapy in reducing IOP at three months \[[@B125], [@B126]\]. The combination eye drops were noninferior to brinzolamide plus brimonidine administered concomitantly \[[@B127], [@B128]\].

6.6. Generic Fixed Combination Drugs {#sec6.6}
------------------------------------

Although it is generally accepted that generic drugs are bioequivalent to that of brand-name drugs, a study of latanoprost showed that the IOP-lowering effect of the brand-name drug was better compared with the corresponding generic drug in POAG and ocular hypertension patients \[[@B129]\]. The difference in IOP lowering could be due to the difference in adjuvants and/or the stability of the active ingredient once the bottle is opened \[[@B129]\]. One study demonstrated up to 40% loss of concentration of generic latanoprost within 30 days at room temperature after the bottle was opened compared to 6% for the brand product \[[@B130]\]. Although generic drugs have the same quantitative compositions in terms of active ingredients, a difference in adjuvants translates to differences in viscosity, surface tension, and pH, which could affect efficacy and safety \[[@B131]--[@B133]\]. For example, the pH of generic dorzolamide/timolol is much higher than branded dorzolamide/timolol, despite the fact that the original studies on dorzolamide in the 1990s showed that the lower pH was essential for corneal penetration and efficacy \[[@B134]\]. In addition, it is believed that the differences in symptoms of discomfort could be influenced by the drop volume, which can be attributed to different bottle designs \[[@B133]\].

6.7. The Need for Novel Therapies {#sec6.7}
---------------------------------

Although there have been improvements in formulations and fixed combination therapies, no novel class of drugs for the treatment of glaucoma has been approved since latanoprost in 1996. Furthermore, despite recent advances, currently available medical therapy often fails to meet the desired outcomes and ultimately cure the disease. Hence, there is a need for effective alternatives that have a longer duration of action and offer patients simple dosing regimens.

An example of several emerging therapies is the *ρ* kinase inhibitor \[[@B135]--[@B137]\]. *ρ* kinase is a serine/threonine kinase that plays a key role in regulating the contractile tone of smooth muscle tissues in a calcium-independent manner, directly targeting aqueous humour trabecular outflow. Animal models have demonstrated that *ρ* kinase inhibitors reduce IOP by enhancing aqueous humour drainage through the TM and may also lower episcleral venous pressure (EVP) \[[@B136], [@B137]\].

Adenosine receptor agonists are also able to increase conventional aqueous outflow and are being investigated as IOP-lowering agents \[[@B138], [@B139]\]. These agents may induce cell shrinkage and secretion of metalloproteases in human trabecular meshwork, resulting in remodeling of the extracellular matrix and reduced outflow resistance \[[@B140]\]. Another novel agent targeting the trabecular meshwork is latrunculin B. In patients with ocular hypertension or early POAG (phase I clinical trial) twice daily latrunculin B (0.005%, 0.01%, 0.02%, or 0.05% solution) significantly lowered IOP compared with contralateral, placebo-treated eyes, with few and mild ocular adverse events \[[@B141]\].

Different drug formulations and delivery methods are also being investigated with a goal to reduce inconvenience associated with topical drug delivery. Some of the innovative methods include punctal or tear duct plugs, topical ring inserts, subconjunctival injections and inserts, and intraocular inserts \[[@B142]\].

Several approaches that involve neuroprotective agents and interventions are being explored \[[@B143]\]. Neuroprotection for glaucoma refers to any intervention, independent of IOP reduction, which protects the optic nerve or prevents the death of retinal ganglion cells. Although significant evidence from preclinical studies has suggested a potential role of neuroprotectors (such as brimonidine or memantine) in the prevention of glaucomatous degeneration, clinical research on the neuroprotective effects of oral and topical medical therapy for glaucoma in adults has been inconclusive.

*Takeaway Points* The combination of effectiveness and tolerability has made topical PGAs such as latanoprost, bimatoprost, and travoprost popular first choices for treating glaucoma.Despite advances in medical therapy, "older drugs" such as the parasympathomimetic agent pilocarpine still play a significant role in specific types of glaucoma including angle closure.Recent evidence also shows that CAIs can potentially be used in more patients, especially since the misconceptions regarding contraindications in patients with proven, or putative, sulfa drug allergies have been clarified.Recent evidence suggests that with careful monitoring topical *β*-blockers may present a reasonable therapeutic option in patients with cardiorespiratory conditions.Fixed combination therapies provide a convenient and cost-effective means of advancing patient therapy, decreasing ocular exposure to preservatives and they have the potential to improve patient compliance.Although generic drugs have the same qualitative and quantitative compositions in terms of the active ingredient, a difference in adjuvants can lead to differences in drug stability, viscosity, surface tension, and pH, which could affect efficacy and safety.The *ρ* kinase inhibitors, currently in Phase III clinical development, represent a promising new class of therapy.

7. Treatment Algorithms {#sec7}
=======================

When selecting initial medical therapy for a glaucoma patient it is important to take into consideration his/her medical history, risk factors, likelihood of compliance, and known allergies that might interfere with topical therapy \[[@B1]\]. Furthermore, ocular surface disease and presence of concomitant eye disease can be detrimental in deciding on a specific type of topical therapy as many of the currently available preparations contain BAK \[[@B144], [@B145]\]. This antimicrobial agent can damage the ocular surface of the eye, producing conjunctival inflammation, tear film instability, and corneal cytotoxicity. Due to the chronic nature of their disease, which requires dosing of topical medications over many years, glaucoma patients tend to have a higher prevalence of ocular surface disease than the general population \[[@B146]\]. A travoprost/timolol fixed-dose combination without benzalkonium chloride has been found to be effective in achieving IOP control while offering protection to individuals who have relative or absolute contraindications to exposure to this compound \[[@B147]\]. Other preservative-free products are available.

As mentioned, there is no specific target for lowering IOP and the target and monitoring intervals vary according to the severity of the disease and risk of progression \[[@B1], [@B2], [@B78], [@B110]\]. For example, a patient with signs of disease progression and IOP greater than the established target range requires a change in treatment plan and monitoring every 1-2 months, whereas a patient with no signs of progression and with an IOP within the set target range requires no change in plan and monitoring can be extended to every 6--12 months \[[@B110]\].

Currently, monotherapy with a topical PGA is considered a first-line medical therapy, [Figure 5](#fig5){ref-type="fig"}, withstanding other considerations such as cost, adverse effects, intolerance, or patient refusal. Among the four different classes of topical therapies most commonly used in Canada, PGAs have shown the greatest efficacy while having the lowest dosing frequency (QD). A patient with severe disease and high IOP might benefit from a fixed-dose combination at initiation of therapy.

If the initial therapy is ineffective and the target pressure range (usually 25%--30% for first-line therapy) is not reached or the drug is not tolerated, a patient should be switched to another monotherapy or combination therapy, depending on other risk factors, VF defects, or ONH damage. However, patient compliance should be assessed prior to switching or adding a new therapy. In addition, at all stages of the treatment algorithm it is imperative to monitor for adverse effects as well as disease progression in the VF and/or optic disc as well as RNFL. In case of disease progression, target IOP level and therapeutic options should be adjusted to prevent further progression.

A proposed treatment algorithm for stepwise addition of medical therapy is shown in [Figure 5](#fig5){ref-type="fig"}. Although it is generally preferable to introduce one agent at a time to properly assess the efficacy of each drug, it is accepted that there are scenarios when it may be more advisable to start with a fixed combination. Consider a patient presenting with an extremely high baseline IOP and significant nerve damage who is not likely to reach target IOP on a single agent. Once a patient has been treated with a topical PGA but is in need of additional IOP lowering, there are few options: (1) add another single agent, (2) add a combination agent, or (3) switch to a PGA + *β*-blocker fixed combination. The options with combinations are generally preferable with regard to compliance and convenience to the patient. In the less common instance where a patient cannot tolerate a *β*-blocker, it may be necessary to add a BID-dosed single agent in a second bottle without timolol (e.g., dorzolamide, brinzolamide, brimonidine, and pilocarpine). As to which combination to use one might consider that both CAI \[[@B148]\] and *α*-2 agonists \[[@B149]\] have better ability to lower IOP than *β*-blockers. Thus the selection of the second-line agent might depend on reduction of IOP achieved with the first-line PGA.

The concept of maximum tolerated medical therapy (MTMT) in glaucoma can be defined as the achievement of the greatest possible IOP reduction with largest number of medications that the patient can tolerate and is willing to be compliant in administering regularly. Thus, the first step in maximizing medical therapy is to make sure that a patient can adhere to the regimen, as an increase in the number of medications is often associated with decreased compliance. To that end, fixed-dose combinations are particularly useful in that they reduce the number of products and dosing and, as such, cause less interference with the patient\'s daily activities. Assuming that a patient can tolerate taking all four of the commonly used classes of glaucoma medications in Canada (PGA, *β*-blocker, CAI, and *α* agonist), two different combinations can be employed to achieve MTMT: (1) PG + BID-dosed fixed combination with timolol + BID single agent without timolol or (2) PG-*β*-blocker + *α*-agonist/CAI fixed combinations. The PG-*β*-blocker + *α*-agonist/CAI fixed combination has the advantage of fewer bottles (two versus three) and fewer drops (three versus five) compared to the first MTMT cocktail (PG + BID-dosed fixed combination with timolol + BID single agent without timolol) which was most commonly used prior to the introduction of the *α*-agonist/CAI fixed combination. Pilocarpine and oral CAIs may also be added in order to achieve a true MTMT.

When it becomes necessary to increase therapy beyond a PG + fixed combination, a BID-dosed single agent can be added to achieve MTMT. With the availability of an *α*-agonist/CAI fixed combination, it is also possible to simply add this combination to the PG + *β*-blocker fixed combination to achieve MTMT. This has the advantage of requiring fewer changes in therapy to achieve MTMT, as well as the convenience/compliance advantages of fewer drops/bottles.

At all stages in the treatment algorithm, one should consider laser trabeculoplasty or MIGS (see below) as an alternative to adding medication when additional IOP-lowering is required. It is generally recommended that such alternate modalities be employed earlier in the treatment algorithm before reaching MTMT, as they are not considered substitutes for decisive invasive surgery with either filtering procedure or a tube shunt.

Recent evidence suggests that monocular therapeutic trials might be poor tests of treatment efficacy due to asymmetric spontaneous IOP fluctuations \[[@B150]--[@B153]\]. The monocular trial can provide useful clues as to whether a medication is effective but should not be the only information used to guide therapeutic decisions. To ensure valid results, where possible, multiple pressure checks should be performed before and after starting a new therapy.

Introduction of laser trabeculoplasty earlier in the treatment algorithm (i.e., after first-line medical therapy) is another valid therapeutic approach. More than 20 years ago, the Glaucoma Laser Trial found argon laser trabeculoplasty to be as effective as medication for treating newly diagnosed POAG \[[@B153]\]. Since then several studies have looked at the efficacy of selective laser trabeculoplasty (SLT) versus medical therapy. The SLT/MED study found no statistically significant differences in IOP reduction after 9--12 months of follow-up between the SLT and prostaglandin analogue therapy \[[@B154]\]. Micropulse laser trabeculoplasty (MLT), a relatively new laser procedure, can be considered as an alternative to SLT. MLT uses a specific diode laser to deliver laser energy in short microbursts \[[@B155]\]. It aims to provide similar IOP reduction with reduced risk of IOP spikes, making it more attractive for young patients or those with advanced disease who might be at higher risk for IOP spikes.

Over the past decade, traditional glaucoma surgery has been augmented by the advent of innovative techniques and new implants. These new procedures and devices aim to lower IOP with a higher safety profile than that possible with fistulizating surgery and are collectively referred to as microinvasive glaucoma surgery (MIGS). Currently, MIGS is performed in patients with early to moderate disease (similarly placed in the algorithm as SLT) and preferably in combination with cataract surgery \[[@B156]\]. Thus, MIGS is often used to postpone a more invasive surgical intervention in the early to moderate stages of glaucoma and to improve patient adherence to treatment and overall quality of life. In addition, MIGS can possibly be used in patients with advanced disease and those refractory to previous glaucoma-filtering surgeries \[[@B157]\], although this still requires further study.

Many of the current MIGS devices are Schlemm canal devices (SCD) \[[@B158]\], intended to enhance conventional outflow, and assume an intact and functioning posttrabecular outflow system. We propose a newer classification scheme to glaucoma that places a greater emphasis on the pathophysiological mechanisms at play and attempts to identify the site of major resistance to aqueous outflow, [Table 3](#tab3){ref-type="table"}. This classification scheme helps direct therapy against the inciting factors such as inflammation or neovascularization. Identifying the site of major resistance may also help select the optimal therapy for patients. For example, cases of glaucoma where most of the resistance is felt to be at the level of the trabecular meshwork may benefit from an SCD. However, in cases of raised EVP, the use of SCDs may theoretically predispose the patient toward hyphema postoperatively; therefore cases with raised EVP should not be managed with a SCD.

*Takeaway Points* PGAs are reasonable first-line therapies for a majority of patients. Initiation with combination therapy may be appropriate in select patients.Fixed-dose combinations are preferred second-line therapy over the addition of a single therapy.Selection of fixed-dose combination should be based on required IOP reduction, 24-hour IOP profile, adverse effects, intolerance, concomitant disease, cost, or patient preference.SLT could be used earlier rather than later in the treatment algorithm.MIGS may be used to avoid a more invasive surgical intervention in patients with early to moderate stages of the disease, to improve patients\' adherence to treatment, and quality of life.Patient and disease characteristics should be considered at all stages of the treatment algorithm and the therapy should be individualized according to patient needs. In addition, at all stages of the treatment algorithm it is imperative to monitor for adverse effects as well as disease progression (RNFL/VF/disc).The monocular trial is not considered useful and we suggest performance of binocular trials. To obtain the most valid results, multiple pressure checks should be performed before and after starting a new therapy.

8. Ensuring Patient Adherence {#sec8}
=============================

Multiple lines of evidence demonstrate that most glaucoma patients do not take their medications as intended. Reported adherence to glaucoma medications varies between 5% and 80%, with data collected indirectly by questionnaires or directly with electronic monitoring devices \[[@B159]\]. According to Tsai et al. \[[@B160]\], barriers to adherence in glaucoma are complex and can be categorized as those related to situation or environment, patient lifestyle and beliefs, provider attitudes, and the medication itself.

The adverse effects of the therapy, particularly the discomfort caused by the ophthalmic preparations and frequency of their administration, are major contributors to nonadherence to prescribed therapy. As glaucoma is an asymptomatic, slowly progressive chronic condition, patients will probably not notice the benefits of therapy, especially in the early stages of the disease, and the inconvenience of taking the medications may seem worse than the disease itself \[[@B161]\]. Approximately 50% of those who start therapy on IOP-lowering medications discontinue them within six months \[[@B162]\]. Despite this figure, many patients with glaucoma, especially those who were newly prescribed glaucoma medications, overestimate their medication adherence \[[@B163]\].

Because nonadherence to IOP-lowering medications puts patients at risk of not only disease progression but also to being prescribed additional glaucoma medications, regular and accurate assessment of medication adherence in clinical practice is essential. Various methods have been used to assess the medication adherence of patients with glaucoma including pharmacy refill methods \[[@B161]\], electronic monitoring \[[@B164], [@B165]\], and self-reporting measures \[[@B166], [@B167]\]. Estimates of adherence vary based on the assessment method, with pharmacy refill records producing the lowest and patient self-reporting the highest estimates of glaucoma medication adherence \[[@B167]\]. Several studies examining the validity of self-reported measures against objective measures (e.g., pharmacy records or electronic monitors) in patients with glaucoma supported the point that patients tend to overestimate their adherence to glaucoma medications \[[@B165], [@B166]\].

Although numerous studies have investigated factors that negatively affect patient compliance, physicians remain unable to significantly predict which patients will be adherent \[[@B168]\]. According to a recent Canadian study, fewer medications, use of prostaglandin analogues or *β*-blockers, living alone, and being widowed were associated with improved adherence \[[@B168]\]. Loon et al. \[[@B169]\] found that reduced belief in the need for treatment and higher degree of concern about adverse effects of the therapy are key factors associated with nonadherence. On the other hand, patients who have a stronger belief in the necessity for eye drops are more adherent \[[@B170]\]. Techniques targeting patient beliefs have been effective in improving adherence \[[@B171], [@B172]\].

Several studies have been conducted to assess measures that can be used to improve patient compliance. While a beneficial effect of patient education has often been presumed \[[@B159]\], it has been demonstrated that education alone is insufficient in improving adherence \[[@B167], [@B173]\]. Patient adherence is positively influenced by programs that couple education with other interventions (i.e., strategies for incorporating medication administration into daily activities) \[[@B174]--[@B177]\]. A recent review showed that interventions involving simplified dosing regimens, reminder devices, education, and individualized care planning improve adherence rates \[[@B178]\]. As revealed by Sleath et al. \[[@B179]\], provider communication behaviours, including the provision of education and positive reinforcement, can improve patient adherence to glaucoma medications. Individualized assessment is the first step in provider-patient communication and involves exploring the patient\'s personal and cultural perspective and beliefs. This might be of particular importance as some patients might opt for alternative therapies and neglect those prescribed by the ophthalmologist \[[@B180], [@B181]\]. In this case, the ophthalmologist needs to be prepared to explain to the patient the evidence behind approved and alternative therapies. He or she must motivate patients to take their prescribed medications and give them positive reinforcement.

Although one might expect advances in technology and communication to be useful in enhancing compliance, a recent study found that e-mail and text messaging reminders may have a limited utility in improving adherence in the general glaucoma population but may be useful for younger patients with glaucoma \[[@B182]\].

Timing of administration (i.e., morning or evening) can also make a difference for some patients. According to Ford et al. \[[@B183]\], patients prescribed a PGA for glaucoma prefer morning administration to evening administration. Inability to correctly administer the eye drops is another frequently observed problem in patients with glaucoma, including difficulty in aiming the drop, squeezing the bottle, and seeing the tip of the bottle. Thus, patients often rely on partners or relatives to administer the drops for them \[[@B184], [@B185]\]. Correct instillation of eye drops by glaucoma patients themselves, thus eliminating dependence on others, could be useful in improving adherence. In addition, it is probably beneficial to consider fixed combination therapies in patients requiring more than one type of medication.

*Takeaway Points* Poor adherence to treatment in glaucoma is believed to be one of the major reasons for treatment failure.Physician-patient communication appears to be a crucial factor in ensuring proper adherence to prescribed therapy.Interventions involving simplified dosing regimens, reminder devices, education, and individualized care planning can improve adherence rates.

9. Conclusions {#sec9}
==============

Management of glaucoma in Canadian daily practice is undergoing significant changes in both diagnostic and treatment perspectives, with novel techniques complementing traditional approaches. This shift is resulting in earlier and more precise diagnosis that can lead to more effective treatments. When selecting the appropriate therapeutic targets, it is imperative to keep in mind individual patient characteristics and adapt the treatment according to the needs and preferences of patients and their care partners. This is of particular importance in patients with evidence of progressive disease where more aggressive therapeutic approaches and frequent therapy adjustment are required until the targeted (usually lower) IOP range is reached. Frequent assessment and follow-up and ongoing physician-patient dialogue are key to ensuring that the patient remains adherent to the prescribed therapy and that therapeutic goals are met.
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![Suggested range for initial target IOP for each eye (a) with ≥ 30% reduction from baseline; (b) with 30% to 35% reduction from baseline; (c) with ≥ 25% reduction from baseline; (d) with ≥ 20% reduction from baseline. In patients with severe optic nerve damage, those with rapidly progressing disease or with other risk factors (i.e., family history, advanced age, pseudoexfoliation, pigment dispersion syndrome, uveitis, steroid use, or disc hemorrhage), selecting target IOP lower than 25% of the pretreatment IOP is justified. Other factors such as the rapidity of progression and the severity of disease in the other eye should be taken into consideration. Conversely, choosing a less aggressive IOP range may be reasonable if the risks of aggressive treatment outweigh the benefits (i.e., comorbidities and older age).](JOPH2016-6509809.003){#fig3}

![The chronology of the introduction of topical IOP-lowering medications. Systemic carbonic anhydrase inhibitors have been available since 1955.](JOPH2016-6509809.004){#fig4}

![Glaucoma pharmaceutical management algorithm (SLT, MIGS, or other surgeries may be performed at any step of the algorithm). FC, fixed combination; BID single agent, dorzolamide, brinzolamide, and brimonidine; PG, prostaglandin analogue (latanoprost, travoprost, and bimatoprost); PG-*β*B FC, prostaglandin + timolol (latanoprost + timolol, travoprost + timolol); BID-*β*B FC, BID-dosed combination with timolol (dorzolamide + timolol, brinzolamide + timolol, brimonidine + timolol); AA-CAI F, *α* agonist + CIA (brimonidine + brinzolamide); SLT, selective laser trabeculoplasty; MIGS, microinvasive glaucoma surgery. Patient and disease characteristics should be considered at all stages of algorithm and the therapy should be individualized according to patient needs (i.e., ability to tolerate any component of the therapy). In addition, at all stages of the treatment algorithm it is imperative to monitor for adverse effects as well as disease progression (RNFL/VF/disc).](JOPH2016-6509809.005){#fig5}

###### 

Glaucoma classification according to severity of the disease.

###### 

\(a\) Open-angle glaucoma reproduced from \[[@B1]\], with permission from Elsevier

  ---------- --------------------------------------------------------------------------------------------
  Suspect    One or two of the following:\
             (1) IOP \> 21 mm Hg\
             (2) Suspicious disc or C/D asymmetry of \>0.2\
             (3) Suspicious 24-2 (or similar) VF defect

             

  Early      \(1\) Early glaucomatous disc features (e.g., C/D^*∗*^ \< 0.65)\
             (2) Mild VF defect not within 10° of fixation (e.g., MD better than −6 dB on HVF 24-2)

             

  Moderate   \(1\) Moderate glaucomatous disc features (e.g., vertical C/D^*∗*^ 0.7--0.85)\
             (2) Moderate VF defect not within 10° of fixation (e.g., MD from −6 to −12 dB on HVF 24-2)

             

  Severe     \(1\) Advanced glaucomatous disc features (e.g., C/D^*∗*^ \> 0.9)\
             (2) VF defect within 10° of fixation^†^ (e.g., MD worse than −12 dB on HVF 24-2)
  ---------- --------------------------------------------------------------------------------------------

C/D, cup-to-disc; HVF, Humphrey visual field; IOP, intraocular pressure; MD, mean deviation; VF, visual field.

*∗* refers to vertical C/D ratio in an average size nerve. If the nerve is small, then a smaller C/D ratio may still be significant; conversely, a large nerve may have a large vertical C/D ratio and still be within normal limits. † also considers baseline 10-2 VF (or similar).

*Recent evidence indicates that ganglion cell loss should also be taken into consideration when staging/classifying glaucoma* \[[@B28]\].

###### 

\(b\) Angle closure

  Disease staging   ≥180° appositionally closed (where posterior TM not visible \[grade 1\])   Ocular hypertension and/or peripheral anterior synechiae   Ganglion cell, optic nerve, and visual field damage
  ----------------- -------------------------------------------------------------------------- ---------------------------------------------------------- -----------------------------------------------------
  PACS              \+                                                                         −                                                          −
  PAC               \+                                                                         \+                                                         −
  PACG              \+                                                                         \+                                                         \+

PAC, primary angle closure; PACS, primary angle closure suspect; PACG, primary angle closure glaucoma.

The above definitions could be used to guide decisions regarding the target IOP range (i.e., for patients with more advanced disease and/or evidence of rapidly progressing disease, targeted IOP should be in the lower targeted range). To achieve this, patients may require a more aggressive therapy from initiation of therapy; see [Figure 3](#fig3){ref-type="fig"}, suggested range for initial target IOP, and [Figure 5](#fig5){ref-type="fig"}, proposed treatment algorithm.

###### 

Differences in IOP between different tonometers and Goldmann applanation tonometry \[[@B2]\].

  Tonometer        Mean difference between tonometer and GAT    95% confidence interval    95% limits of agreement   \% within 2 mmHg          
  ---------------- ------------------------------------------- -------------------------- -------------------------- ------------------ ------ ----
  DCT              1.8                                         +1.3                       +2.3                       −3.0               +6.6   47
  NCT              0.3                                         −0.1                       +0.7                       −3.5               +4.0   69
  ORA              1.5                                         +0.9                       +2.2                       −4.3               +7.3   45
  Ocuton S         2.7                                         −1.2                       +6.7                       −4.0               +9.6   33
  RT-(Icare)       0.9                                         +0.5                       +1.5                       −4.3               +6.3   51
  TonoPen          0.2                                         −0.4                       +0.9                       −5.2               +5.7   52
  Transpalpebral   −0.5                                        −1.3                       +0.3                       −7.0               +5.9   45

DCT, dynamic contour tonometer; NCT, noncontact tonometer; ORA, ocular response analyzer; RT, rebound tonometer.

Reproduced from \[[@B2]\] with permission from the European Glaucoma Society.

###### 

Revised classification of glaucoma subtypes.

  Primary/secondary classification   Angle status: open/angle closure   Etiology                                                            Site of most resistance
  ---------------------------------- ---------------------------------- ------------------------------------------------------------------- -------------------------
  Primary                            Open                               Ocular hypertensive                                                 TM
  Primary                            Open                               Ocular normotensive                                                 TM
  Secondary                          Open                               Inflammatory                                                        TM/PostTM
  Secondary                          Open                               Neovascular                                                         TM/PostTM
  Secondary                          Open                               TM obstructive (PXF, PDG, hemolytic, melanomalytic, phacolytic)     TM
  Secondary                          Open                               Steroid-induced                                                     TM
  Secondary                          Open                               Raised PostTM outflow resistance                                    PostTM
  Primary                            Angle closure                      Phacomorphic, plateau, pupillary block                              PreTM
  Secondary                          Angle closure                      Anterior pulling (ICE, PPMD, NVG, fibrous ingrowth, inflammatory)   PreTM
  Secondary                          Angle closure                      Posterior pushing (tumor, choroidal effusion, ciliary body block)   PreTM

TM, trabecular meshwork; IES, iridocorneal endothelial syndrome; NVG, neovascular glaucoma; PPMD, posterior polymorphous dystrophy; PXF, pseudoexfoliation; PDG, pigment dispersion glaucoma.

[^1]: Academic Editor: Vicente Zanon-Moreno
